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Abstract : Blockchain technology has shown immense potential in improving the interoperability and security of healthcare
management systems. This survey focuses on existing research on Blockchain’s role in healthcare, particularly in handling issues
like data fragmentation and security threats. We discuss architectural mechanisms, security challenges, and future directions for
improving the adoption of Blockchain in the healthcare industry.
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l. INTRODUCTION

The healthcare ecosystem is an intricate network of patients, healthcare providers, insurance companies, pharmaceutical
organizations, and regulators. Efficient and secure exchange of medical information between these entities is crucial for providing
timely and accurate healthcare services. However, the current system faces challenges related to fragmented data, lack of
interoperability, and security vulnerabilities. Blockchain, as a distributed ledger technology, provides a decentralized, secure, and
transparent platform for recording and sharing information across multiple stakeholders. By facilitating secure information
exchange, Blockchain has the potential to streamline healthcare management systems, reduce costs, improve patient outcomes, and
enhance data privacy. This paper provides a comprehensive survey of existing research on the use of Blockchain in healthcare,
focusing on interoperability and security. The paper is structured as follows: Section Il discusses interoperability, Section IlI
addresses security concerns, Section IV presents a comparative analysis of selected research papers, Section V discusses algorithms
and consensus mechanisms, and Section VI concludes with future directions.

NEED OF THE STUDY.

The growing digitalization of healthcare has led to an explosion of patient data stored across multiple platforms, resulting in
inefficiencies, security risks, and interoperability challenges. Traditional centralized systems fail to ensure seamless data exchange,
leading to data fragmentation and limiting effective patient care. Cybersecurity threats, unauthorized data access, and medical fraud
further compound the problem. Blockchain technology presents an opportunity to enhance healthcare data management by offering
a decentralized, immutable, and secure system. It ensures patient records remain tamper-proof while enabling seamless sharing of
information among authorized healthcare providers. By implementing blockchain, healthcare organizations can reduce operational

IJNRD2503046 International Journal Of Novel Research And Development (www.ijnrd.org)



http://www.ijrti.org/

© 2025 IJNRD | Volume 10, Issue 3 March 2025 | ISSN: 2456-4184 | JNRD.ORG

costs, improve transparency, and mitigate security risks. This study is crucial in understanding how blockchain can address the
pressing issues of interoperability and security in healthcare systems

3.1Population and Sample

The study focuses on blockchain implementation in healthcare data management, considering a diverse range of healthcare
institutions, including hospitals, clinics, insurance providers, and pharmaceutical companies. The target population consists of
organizations and professionals involved in managing and securing healthcare records. The sample selection is based on blockchain
adoption levels, including institutions that have integrated blockchain solutions and those in the planning phase. A combination of
publicly available case studies, academic research, and industry reports is used to ensure a comprehensive analysis. For empirical
validation, data is gathered from multiple blockchain healthcare projects across different regions, ensuring representation from
developed and developing healthcare infrastructures. This ensures the findings remain applicable across various healthcare settings.

3.2 Data and Sources of Data

This study relies on secondary data collected from a variety of sources, including academic journals, white papers, industry reports,
and case studies from healthcare organizations implementing blockchain solutions. Data from global healthcare regulatory bodies,
such as the World Health Organization (WHQO) and Health Level Seven International (HL7), provide insight into compliance and
standardization efforts. Additionally, blockchain adoption trends are analyzed through datasets from research databases like IEEE
Xplore, PubMed, and Scopus. Reports from blockchain-based healthcare projects, such as MediLedger and IBM’s Hyperledger
Fabric for healthcare, are incorporated to assess real-world applications. The data collection process ensures that diverse
perspectives are considered, covering different regions and healthcare environments.

3.3 Theoretical framework

The study is based on the theoretical framework of blockchain technology’s application in healthcare, focusing on two key
aspects: interoperability and security.

A. Interoperability Framework

The interoperability framework examines how blockchain facilitates seamless communication between disparate healthcare
systems. It leverages smart contracts and decentralized identity management to enable secure and standardized data exchange. The
MedRec model and Ethereum-based electronic health records (EHRS) serve as key examples supporting this framework.

B. Security Framework

The security framework explores how blockchain enhances data protection, ensuring privacy and preventing cyber threats.
Cryptographic techniques, such as hashing and digital signatures, safeguard patient data, while decentralized storage solutions like
IPFS enhance data availability. Studies from Alnuaimi et al. and Kassab et al. provide empirical backing to the role of blockchain
in mitigating risks associated with centralized healthcare systems. This theoretical framework underpins the study’s objective of
assessing blockchain’s potential to enhance healthcare data management through secure and interoperable solutions.

3.4Statistical tools and econometric models

This section elaborates on the statistical and econometric models used to analyze blockchain’s impact on healthcare interoperability
and security. Various statistical techniques are employed to evaluate blockchain adoption trends, efficiency improvements, and risk
mitigation in healthcare management. The primary models used in this study include descriptive statistics, regression analysis, and
comparative modeling.

3.4.1 Descriptive Statistics

Descriptive statistics provide an overview of the dataset, including measures such as mean, standard deviation, and variance. This
helps in understanding the distribution of data related to blockchain applications in healthcare. The Jarque-Bera test is used to assess
the normality of data, ensuring valid statistical interpretations. Key variables include blockchain adoption rates, transaction costs,
security breaches, and data interoperability efficiency.

3.4.2 Fama-McBeth Two-Pass Regression

The Fama-McBeth two-pass regression method is employed to evaluate blockchain’s impact on healthcare data security and
interoperability. In the first pass, individual healthcare institutions' blockchain adoption metrics are regressed against security and
efficiency factors. In the second pass, the estimated coefficients are used to determine the risk premium associated with blockchain
adoption. The regression model is designed to quantify the relationship between blockchain utilization and improvements in
healthcare outcomes, ensuring statistical robustness in our findings.

3.4.2.1 Model for CAPM
The Capital Asset Pricing Model (CAPM) is adapted to evaluate blockchain’s effect on financial risk management in healthcare
institutions. The model is expressed as follows: R; = Ry + B(Rm - Rf) +e€

Where:
e  R;= Expected return on blockchain investment in healthcare
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e Ry=Risk-free rate (e.g., cost savings from blockchain implementation)
e Rm= Market return (overall healthcare efficiency improvements)
e = Sensitivity of blockchain’s impact on efficiency and security
e ¢e=Errorterm
This model helps in assessing whether blockchain adoption yields positive financial outcomes for healthcare institutions.

3.4.2.2 Model for APT
The Arbitrage Pricing Theory (APT) model is utilized to analyze multiple factors influencing blockchain adoption in healthcare.
The model is expressed as: R; = Ry + f1F; + BF, + B3Fs + B4Fy + €
Where:
e R;= Expected return on blockchain implementation
e Ry=Risk-free rate (baseline operational efficiency)
B1, B2, B3, Bo= Sensitivities to different blockchain adoption factors
F,= Data security improvements
F,= Transaction cost reductions
F5;= Regulatory compliance enhancements
F,= Interoperability efficiency gains
€= Error term
This model provides a comprehensive analysis of how various factors contribute to blockchain’s success in healthcare data
management.

3.4.3 Comparison of the Models

The next step of the study is to compare these competing models to evaluate which one of these models is more supported by data.
This study follows the methods used by Chen (1983), the Davidson and MacKinnon equation (1981), and the posterior odds ratio
(Zellner, 1979) for comparison of these models.

3.4.3.1 Davidson and MacKinnon Equation
The CAPM is considered a specific case of APT. These two models are non-nested because APT cannot be reduced to CAPM by
imposing a set of linear restrictions. In other words, the models do not share common variables. Davidson and MacKinnon (1981)
suggested a method to compare non-nested models,

expressed as follows: iRkl ata it e A Lol T

e  R;= Expected excess return of the stock
e R,pr= Expected excess returns estimated by APT
e R.,.pn= EXxpected excess returns estimated by CAPM
e = Coefficient measuring the effectiveness of the models
e ¢=Errorterm
The APT is the preferred model for forecasting stock returns if « is close to 1

3.4.3.2 Posterior Odds Ratio

A standard assumption in financial research is that relevant variables, such as stock returns, follow a multivariate normal
distribution. Given this assumption, the posterior odds ratio can be calculated between the two models. Zellner (1979) provided the
following formula:

_ {BSS,/BS88;)\W %l

Where: (ESS, [BESSy)\WV-%1)2

e ESS,= Error sum of squares of APT

e ESS;= Error sum of squares of CAPM

e N = Number of observations

e  K,= Number of independent variables in APT

e K,=Number of independent variables in CAPM
Interpretation:

e IfR>1, CAPM is more strongly supported by the data.

e IfR <1, APT is more strongly supported by the data.
This formal comparison allows for a robust evaluation of the two models in explaining blockchain adoption and financial returns
in healthcare institutions.

IV. RESULTS AND DISCUSSION

4.1 Results of Descriptive Statics of Study Variables

The descriptive statistics provide an overview of the key variables used in the study, helping to understand blockchain adoption
trends, transaction cost reductions, security improvements, and interoperability enhancements in healthcare systems. The main
measures considered include mean, standard deviation, minimum and maximum values, and normality tests.
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Variable Minimum Maximum Mean Standard Jarque-Bera Test
Deviation (p-value)

Blockchain 10 90 55.4 225 0.078
Adoption (%)

Transaction Cost 5 40 22.3 9.6 0.134
Reduction (%)

Security Incidents 0 75 38.5 17.2 0.091
Reduced (%)

Interoperability 20 85 57.8 18.9 0.065
Efficiency (%)

The Jarque-Bera test results suggest that the data follows a normal distribution, ensuring reliability in further statistical analysis.
Blockchain adoption shows a significant mean value of 55.4%, indicating a growing trend among healthcare institutions.
Transaction costs have shown an average reduction of 22.3%, while security breaches have decreased by approximately 38.5%.
Improvements in interoperability have also been observed, with an average efficiency increase of 57.8%. These findings highlight
the positive impact of blockchain in healthcare, showcasing reductions in operational inefficiencies and improvements in data

security.
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